The aim of this study was to investigate the surface roughness of different types of flowable restorative resins and compare the effectiveness of diamond finishing burs followed by aluminum oxide discs with aluminum oxide discs alone in producing smooth surfaces.
Introduction
Recently introduced flowable restorative resins offer an additional choice of tooth-colored restorative materials. Flowable restorative resins are indicated for the restoration of minimally invasive preparations and especially for cervical Class V lesions due to their low viscosity and increased elasticity. Compared to microfilled resins, the filler loading of flowables are reduced resulting in an enhanced flow and a reduced elastic modulus. 1 The reduced elastic modulus may provide the material with stress-absorbing ability, and improved flow is likely to facilitate adaptation. 2 Proper finishing and polishing of cervical restorations are important procedures that enhance esthetics, gingival health, periodontal integrity, and longevity of restored teeth. 3, 4 The smoothest surfaces are achieved when resin material is cured against Mylar strips. However, properly contoured restorations are seldom achieved without the need to remove excess material. 5 There are a variety of instruments to accomplish finishing and polishing, each producing different results for different composites. 6, 7 One of the most commonly performed procedures to remove excess includes finishing with diamond burs and polishing with aluminum discs. 8, 9 Diamond burs have a tendency to tear filler particles and leave irregularities on resin surfaces. However, finishing with aluminum discs has been reported to reduce these defects. 10 On the other hand, Ferreira et al. 11 have demonstrated a restoration free from marginal excess and with smooth surfaces can be achieved using a proper matrix, special care in the insertion of composite, and meticuluous technique to eliminate the need for finishing and polishing.
Several different types of composite resins have been the subject of surface evaluation. [12] [13] [14] [15] [16] [17] However, information is limited about the surface characteristics of flowable restorative resins in common use for cervical restorations. Because the size, shape, and volume of composite fillers affect surface morphology, one aim of this study was to evaluate surface roughness of different types of flowable restorative resins using the three-dimensional white-light interferometry. An additional aim was to compare the effectiveness of diamond finishing burs followed by aluminum oxide discs with aluminum oxide discs alone in producing a smooth surface on flowable restorative resins.
Methods and Materials

Study Population
Four different types of flowable restorative resins were selected for this study and are listed as follows (Table 1): • Tetric Flow (Vivadent, Schaan, Liechtenstein), a flowable microhybrid composite.
• Esthet-X Flow (Dentsply, Caulk, Milford, DE, USA), a flowable liquid microhybrid composite.
• Dyract Flow (Dentsply, Konstanz, Germany), a flowable compomer.
• Admira Flow (Voco, Cuxhaven, Germany), a flowable ormocer.
Plexiglass molds with disk-shaped specimen wells (10 mm X 2 mm) were used to make the specimens. The restorative materials were placed in the molds and covered with a Mylar strip then compressed with a glass slide using hand pressure to extrude excess material. The samples were then light polymerized for 40 seconds using a Spectrum 800 curing light (Dentsply, Milford, DE, USA) with an output intensity, as assessed with a curing radiometer, of > 400mW/cm 2 . All specimen preparation, finishing, and polishing procedures were carried out by the same investigator in order to minimize variability.
Twenty-four specimens for each flowable resin were prepared and randomly assigned to three groups as follows (Table 2 ):
• Group I: Samples were left undisturbed after the removal of the Mylar strip (control).
• Group II: Samples were first polished with 24-40 µm and 15-30 µm grit finishing diamond burs (Brasseler, Savannah, GA, USA) followed by medium, fine, and ultra-fine aluminum oxide discs (Sof-Lex Pop-On, 3M Dental Products, St. Paul, MN, USA).
• Group III: Samples were finished only with aluminum oxide discs (Sof-Lex Pop-On, 3M Dental Products, St. Paul, MN, USA).
The Sof-Lex discs were changed after finishing and polishing each sample, whereas the diamond burs were changed after every two samples. All high-speed finishing burs were used with an air-water spray. Discs were used with a slow-speed handpiece using water as a coolant. All specimens were kept wet during finishing procedures and were stored in 37ºC deionized water for 24 hours. They were then rinsed and dried to minimize any debris prior to surface roughness readings.
Specimen surfaces were analyzed with a Zygo New View 5000 3-D surface profiler (Zygo, Middlefield, CT, USA). The NewView 5000 is based on scanning white-light interferometry. This is a traditional technique in which a pattern of bright and dark lines (fringes) result from a difference in the optical paths between a reference and a sample beam. Incoming light is split inside an interferometer with one beam going to an internal reference surface and the other to the sample. After reflection, the beams recombine inside the interferometer and undergo constructive and destructive interference, which produces the light and dark fringe patterns. A precision vertical scanning transducer and camera in the NewView 5000 together generate a three-dimensional interferogram of the surface. This interferogram is processed by a computer and transformed using frequency domain analysis which results in a quantitative non-contact 3-D image. 18 For this study, the surface roughness parameter (Ra: an arithmetic mean of the sum of roughness profile values) is considered to be most representative and was taken into account. One way analysis of variance (ANOVA) and Tukey's HSD test (alfa= 0.05) were used for statistical analysis.
Results
Means and standard deviations of surface roughness (Ra, µm) of flowable restorative resins and finishing/polishing systems evaluated in this study are presented in Table 3 . One way ANOVA revealed a significant difference between restorative materials under the Mylar strip (p<0.05). Although the smoothest surfaces were obtained under the Mylar strip (control) for all flowable restorative resins, significant differences in surface roughness were observed between Esthet-X Flow and Tetric Flow and between Esthet-X Flow and Dyract Flow under the Mylar strip.
Finishing with diamond burs followed by discs (Group II) and only disc-treated samples (Group III) showed significantly higher surface roughness in contrast to the Mylar strip group (p<0.05). However, no significant differences among restorative materials were found when all finishing/polishing methods were combined (p>0.05).
For all but Dyract Flow, using diamond finishing burs followed by aluminium discs resulted in a surface of similar roughness for all restorative materials to that obtained with aluminum discs alone (p>0.05). Samples of Dyract Flow treated initially with burs followed by discs showed lower Ra values compared to specimens treated with only discs (p<0.05).
The 3-D surface profiler provides a filled and a oblique plot, both with a colorimetric evaluation. 18 The histogram recorded for each area of each sample tested is characterized by counts (on the Y-axis) associated with a different surface level.
A narrow histogram indicates a homogeneous area. 18 Three dimensional oblique plots of the samples created by the Zygo surface profiler are presented in Figures 1 through 4 . Because the Zygo machine also provides surface images, qualitative analyses were performed without the need for scanning electron microscopy. The interferometry microphotographs of reperesentative samples of the different finishing/polishing techniques for each material are presented in Figures 5 through 8 .
The interferometry microphotographs demonstrated the surfaces under the Mylar strip were homogeneous. The surfaces treated by finishing diamonds followed by discs and disc alone showed numerous grooves running parallel to the direction of rotating of the disc. Scratches were also observed on resins.
Discussion
Restorations in close approximation to gingival tissues require surface smoothness for optimal gingival health. Use of flowable restorative resins in cervical locations requires special attention to establish smooth surfaces in order to avoid plaque retention, surface discoloration, and gingival inflammation. Flowable restorative resins are available with a variety of filler types that affect both their handling characteristiscs and physical properties. In the present study no significant differences were observed in Ra values between unpolished specimens (against a mylar strip) of Dyract Flow, Tetric Flow, and Admira Flow. This may be due to the similarity in mean particle size of these three flowable resins. Filler particle size has a direct effect on the surface roughness of a ground, finished, or polished composite. 19 The smoothest surface was produced in the Esthet-X samples, which also has the smallest particle sizes. Dyract Flow contains the largest filler particles of the restoratives examined and, therefore, has the roughest surface statistically different from Esthet-X Flow. Admira Flow, a flowable ormocer, has an average particle size of 0.7 µm with a range of 0.04-1.2. Although Admira Flow's particle size is similar to Tetric Flow, the surface roughness values were slightly lower than Tetric Flow. Admira Flow is filled 50% by volume, which is greater than Tetric Flow.
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Jung et al. 26 reported the possibility of wear to the sound tooth structure adjacent to restoration margins caused by using finishing diamonds. Moreover, it has been shown composite restorations not submitted to finishing procedures exhibit less wear in comparison to finished ones. 27 Therefore, in group III the investigators of this study used only aluminum discs which has been a well documented procedure for finishing and polishing. [28] [29] [30] It has been claimed once a bur is used on the surface, roughness increases and original smoothness cannot be regained regardless of the polishing system used. However, in the present study the surface roughness values in group II were not statistically different from the values obtained from group III except for Dyract Flow. In other words, aluminum discs overcame the rough surface created by finishing diamond burs. This result concurs with those of Özgünaltay et al. 31 who evaluated various finishing/polishing procedures on the surface roughness of tooth-colored restoratives and found the use of carbide or diamond finishing burs followed by aluminum oxide discs provided the smoothest surface for all materials tested. They mentioned the ability of the discs to remove the surface scratches created by carbide or diamond burs. Interestingly, the Dyract Flow and Esthet-X Flow specimens treated initially with burs followed by discs showed some reduction in surface roughness as compared to just disc treatment alone. This might be due to the presence of glass particles in their composition. A critical threshold surface roughness value for bacteria adhesion is 0.2 µm. 33 In the present study none of the tested materials subjected to either finishing/polishing procedure showed an Ra value above this limit.
Most studies have evaluated the surface characteristics of finishing and polishing instruments on different restorative materials using two dimensional models based on mechanical techniques. [15] [16] [17] 25, 31 The primary disadvantage of a mechanical profilometer is the stylus that cannot penetrate certain irregularities. In the present study the Zygo 3-D surface profiler, based on scanning white light interferometry, was chosen to evalute surface roughness as it had already been used by Marigo et al. 18 It provides non-contact, rapid, quantitative surface measurements. As a result, there is no deterioration of the sample. 34 On the other hand, the Zygo 3-D profiler uses a beam of light that sweeps the sample surface more precisely detecting even tiny variations.
34
Conclusion
Although the tested flowable restorative resins showed different surface roughness values under a Mylar strip, no differences were observed among the tested materials except for Dyract Flow when samples were finished with diamond burs followed by polishing discs and then compared to samples polished with discs only. In addition, the roughness did not differ between the two finishing/polishing methods used although they were rougher than baseline values. If it were possible to achieve a smooth surface without any excess, then finishing and polishing procedures could be eliminated. In such a scenario a flowable restorative resin with small filler particle size would be the restorative material of choice.
This difference is statistically significant only in Dyract Flow specimens because it is a compomer and has more glass fillers than Esthet-X Flow. Therefore, finishing burs are more effective for the mechanical removal of protruding glass fillers or they appear to be better suited for gross material reduction. Sof-Lex Pop-on polishing discs might be unable to flatten the glass filler particles. Conversely, in a study by Bouvier et al. 32 the smoothest compomer surface was obtained using graded aluminum oxide discs. Another reason for high Ra values obtained with disc-treated Esthet-X Flow samples could be related to the resin components, which differ in the incorporation of BisEMA. BisEMA has a high molecular weight and fewer double-bonds resulting in a slightly softer matrix than other restoratives tested. 12 Therefore, Sof-Lex discs abrade softer resin matrices at a higher rate and harder filler particles are left protruding from the surfaces, thus, providing rougher surfaces when compared with other disc-treated restoratives. However, the difference was statistically insignificant.
